Introduction
Partial utilization of available high quality protein in the lower portion of the ruminant digestive tract (abomasum, small intestine) is preferred to rumen degradation of that protein (Chalupa, 1975; Ferguson, 1967; Kempton et al., 1977) . Methods used to increase the bypass of dietary protein include heat treatment, chemical treatment, tannin application and encapsulation. Britton et al. (1978) complexed soybean meal and sodium bentonite and decreased soybean meal protein degradation in the rumen.
In vitro studies indicate that alfalfa protein, which has been dehydrated, is more slowly degraded than is fresh alfalfa (Krause and Klopfenstein, 1978) . However, utilization of dehydrated alfalfa can be reduced if it is heat damaged in the dehydration process (Goering et al., 1974) . Corn gluten meal has also been utilized as a slowly degraded protein in ruminant diets (Petersen and Klopfenstein, 1976) .
Techniques previously used to evaluate protein sources may not be applicable when the value of slowly degraded sources is being considered. The added value of a slowly degraded protein source, the need to consider the amino acid profile and microbial N requirements must all be considered in techniques for protein evaluation. A system based on the use of practical diets would provide information that is needed for effective formulation of diets that utilize slowly degraded protein sources.
Studies reported herein were conducted to test a system of protein evaluation for slowly degraded protein sources and to use that system to evaluate dehydrated alfalfa and corn gluten meal in ruminant diets.
Experimental Procedure
Two steer growth trials (112 d) were conducted to evaluate direct cut or dehydrated alfalfa (DCD), field-wilted dehydrated alfalfa 476 JOURNAL OF ANIMAL SCIENCE, Vol. 56, No. 2, 1983 (WD), corn gluten meal (CGM), a combination of direct cut dehydrated alfalfa and corn gluten meal (DCGM) and a soybean meal-sodium bentonite complex (SBMB). Urea and soybean meal (SBM) diets were included as negative and positive controls, respectively. The SBMB was 3:1 mixture (dry basis) of SBM and sodium bentonite. Moisture was increased to 50% to obtain the complex and then the mixture was oven-dried at 65 C.
Basal diets (table 1) for each test protein were formulated to contain 61% TDN and 11.5% crude protein equivalent. Sixty percent of the supplemental N requirement in the basal diet was supplied by a natural source and 40% by urea. These diets were combined with the urea control (100% supplemental N from urea) at feeding time to produce diets in which the level of supplemental N supplied by a natural source was 20, 30, 40, 50 or 60% of the total supplemental N (Waller and Klopfenstein, 1980) . Feed samples were analyzed for N by the macro-Kjeldahl technique to ensure proper N content of all diets (AOAC, 1965) .
Angus, Hereford and Angus x Hereford growing steers (average initial weight 200 kg) were weighed, after withholding feed and water for 16 h, once at the initiation and once at the conclusion of the trials. Animals were housed in an open front barn during the trial. Two steers were allotted to each level within each protein source. Ten steers were allotted to the urea control group. Steers had access to individual feed bunks through Calan-Broadbent electronic key gates. The actual intake of complete diet and the amount of natural protein were calculated.
The mean ad libitum intake of the urea-fed animals was used to establish the intake of all other test animals. On the basis of NRC (1976) recommendations for maintenance (TDN), the maintenance energy requirement of each animal was calculated. If the weight of an animal was above that of the urea control group, an additional amount of the urea diet was added to the allotted daily intake to adjust for the specific maintenance energy requirement of that animal. Conversely, if an animal weighed less than the average of the urea control group, a portion of the urea diet was subtracted from the daily feed. With these calculations, all animals received the same amount of energy (TDN) per day above maintenance (Waller and Klopfenstein, 1980) . Intake adjustments were made at 21-d intervals throughout the trial.
Protein efficiency was defined as the daily gain observed above the urea control per unit of natural protein supplemented. Regression lines on which added gain and amount of natural protein added above the urea control were calculated. Both trials were analyzed as completely randomized designs by analysis of variance.
Comparison of treatment means (protein source) for daily gain and feed conversion was by use of orthogonal contrasts. Contrasts were as follows: urea vs natural protein; SBM vs DCD, WD, CGM, DCGM; WD vs DCGM, DCD, CGM; DCGM vs DCD, CGM; DCD vs CGM (trial 1) and SBMB vs DCD, CGM, DCGM (trial 2). For analysis of the regression of weight gain on natural protein intake, a nonlinear SAS procedure was used (Stock, 1982) . Slopes of the regression lines were compared using the t-test~ (Steel and Torrie, 1960) .
Results
Addition of natural protein to the diets improved the daily gain of growing steers in both trials 1 and 2 (table 2, P<.05). In trial 1, the gain of DCD-supplemented steers was significantly greater than that of CGM-supplemented steers. The amount of feed required per increment of gain was lower when animals were fed natural protein rather than urea in each trial. However, these differences were not significant due to the large standard error. The high standard error was due to the feeding of graded levels of protein.
Data from like treatments in trials 1 and 2 were pooled because there was no trial by treatment interaction (P=.57). Addition of natural protein sources to diets increased (P<.05) daily gains above those obtained with the urea control diet. Cattle fed slowly degraded sources gained faster (P<.05) than those fed SBMsupplemented diets.
Protein efficieneies calculated by regression analysis for the natural protein sources fed in trials 1 and 2 are presented in table 3. Slowly degraded protein sources were utilized more efficiently than was SBM (P<.05) when trials 1 and 2 were combined. The nonlinear model predicted maximum gains above the urea controls to be .222, .168 and .187 kg/d for trials 1, 2 combined, respectively. Bentonite treatment did not significantly increase the protein efficiency of SBM and WD was not significantly different from DCD. ,-,
Discussion
The value of slowly degraded protein sources in practical diets fed to ruminants is of considerable interest. Various techniques have been used to quantify the bypass value of various slowly degraded proteins. In vitro protein solubility has been used as an indication of potential rumen bypass (Wohlt et al., 1976; MacGregor et al., 1978) . Krause and Klopfenstein (1978) studied protein degradation of ovendried alfalfa with in vitro ammonia production as the indicator of degradability. In vivo nylon or dacron bag techniques have also been used to determine protein degradability (Mehrez and Orskov, 1977) . However, there is variability between these two techniques in measuring degradability of slowly degraded protein sources in ruminant diets (Crawford et al., 1978) . For this reason, observation of actual animal performance is necessary to confirm laboratory data.
Previous research in the area of protein supplementation has been confined mostly to the more traditional sources. These techniques, .when applied to the evaluation of slowly de-" graded sources, may result in an underestimation of the true value of protein. It is essential that the amount of protein fed be below the animal's requirement (Kempton et al., 1977) . If fed above the protein requirement, no performance response is obtained, because any protein added above the requirement is used as an energy source. Stage of production is also important to considcr in the cvaluation of protcin sources. If amino acid requirements are met, a response to bypass protein would not be expected. Therefore, only animals with high protein requirements should be considered for tests evaluating proteins, e.g., early growth or lactation. Provided that energy is not limiting, the microbial protein produced is sufficient to meet the protein requirements for maintenance, slow growth and early pregnancy (Kempton et al., 1977) . All animals in our protein evaluation trials weighed approximately 200 kg and were considered to be in the early, rapid growth stage of production.
It is not advisable to substitute slowly degraded protein sources in the diet on an equal basis for SBM without the addition of a source of rumen ammonia, such as urea (NPN). If substantial amounts of protein pass out of the rumen intact, the protein would be unavailable to the rumen microbes as a N source. The ammonia level in the rumen could fall below that which is considered optimum for maximum fiber utilization, and animal performance would decrease; thus, the apparent value of the protein would be underestimated. Krause and Klopfenstein (1978) have demonstrated a complementary effect between urea and dehydrated alfalfa as measured by N balance. Waller et al. (1976) suggested that distillers dried grains and grains plus solubles are slowly degraded protein sources. The rumen ammonia levels they observed were inadequate to meet microbial requirements and dry matter digestibilities were depressed. Dry matter digestibility was increased when urea was addedto (Rounds and Klopfenstein, 1975) . All diets used in the present studies contained at least 40% of the supplemental N as urea.
Feeding of test protein sources at more than one level of protein intake is advisable. Evaluation should always be at a level that is below the protein requirement and feeding over a range of levels permits one to determine when the requirement has been met.
The requirement for protein was calculated by observing the response curve of protein supplementation (figure 1). The level for maximum utilization of supplemented protein was determined with the nonlinear regression technique. The slope of the regression line, where added gain and amount of natural protein added above the urea control are plotted, represents the protein efficiency value of a protein source. Only values that are at or below the apparent protein requirement (maximum achievable gain) are included in the calculation of the slopes. Above this point, no apparent response to added natural protein was observed and use of those points would underestimate the value of a protein source. All lines were forced through the intercept that was established with the urea control animals. The slopes of the lines for slowly degraded proteins are approximately twice that of the SBM line due to the increased efficiency of protein utilization.
When adding protein sources at small percentages of the total diet, a dilution effect may occur with animal performance at or below the urea controls. The zero protein efficiency for the addition of SBM at 20% of the supplemental N may have been caused by such an effect. Animal variation or weighing errors (fill) are other factors that would cause such a response. The problem of animal variation is evident in all live animal trials. Methods for control of these variations are necessary to estimate the value of protein sources accurately. The large change between 20 and 30% levels of slowly degraded proteins may be due to the same dilution and measurement errors.
The amino acid profile of bypass protein may be an important criterion in the evaluation of sources for practical diets (Sniffen and Hoover, 1978 Figure 1 . Natural protein fed/day vs daily gain above urea control for trials 1 and 2 combined. graded protein sources to provide an optimum amino acid pattern for the lower tract may be desirable. Research in this area is necessary and should be considered in the design of protein evaluation studies. Methionine and lysine have been shown to be limiting in ruminant diets (Richardson and Hatfield, 1978) . Dehydrated alfalfa contains moderate levels of lysine (NRC, 1979) with CGM being somewhat deficient. The higher levels of methionine in CGM could offset any deficiency of that amino acid that might be observed in DCD (NRC, 1979) . The combination of CGM and DCD in one protein supplement would permit a bypass protein that provides a balanced amino acid pattern to the lower tract for more efficient utilization and exhibit a complementary effect. The utilization of a marginal source could be improved by feeding it in combination with higher quality protein that is also slowly degradable. Combinations of slowly degraded proteins and sources that are rapidly degraded in the rumen would not increase the response, because only the bypass protein could reach the lower tract and nothing would be gained by the combination (Waller and Klopfenstein, 1978) . However, the combination in this trial was not significantly better than the mean of the sources fed alone.
The criterion of response that is selected in evaluation procedures is critical to final recommendations about a protein's value. Protein efficiency is a measurement that has been shown to rank proteins similarly in various trials (Stock and Klopfenstein, 1979) . The two trials reported herein were conducted at differ-ent times of the year, under different environmental conditions (trial 1, winter; trial 2, spring). Ranking of the various protein sources was similar in the two trials. Protein efficiency is a mathematical means of quantitatively comparing protein sources. Daily gains and feed efficiency are only qualitative measurements.
Results of these trials indicate that slowly degraded protein sources are utilized more efficiently than rapidly degraded sources when supplemented in ruminant diets. The proposed system of evaluation ranked the sources in two trials that were conducted under different environmental conditions. It is important to consider the assumptions made in these experiments. First, it is assumed that microbial protein production is similar on all diets. While the diets were balanced for TDN we cannot be assured that equal amounts of energy were available in the rumen for microbial protein synthesis. In fact, proteins that are bypassed do not add to the energy available in the rumen. Secondly, other factors in protein sources may effect microbial growth and, therefore, protein synthesis. Thirdly, the limited intakes and composition of the diets must restrict extrapolation of this information to widely different diets and feeding conditions.
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